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[0 0 0 1] 

cfc Tbn^y -r F-^*S:it*$-&-5 3i:$:#^i:-t-5557n^y >f F^^^t^ic 

[0 0 0 2] 

[«e5f5(DS^] 

:^jn^y>rF (carotenoid) tit. M^. mmmmO(D-( UyW^fj^^fj^ 
W^J 4 F36"^#if, |Bl^$;}xTV^-5 [Key to Carotenoids. Basel • Boston, Bit 
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khauser, 1987. (Pfander, H. ed.) #M] = ijU^ J ^ :^'rU^\^^'r 

y •/ uym^^-^^f^^ i; »; , t K n ^ >^ 5^ ;i/ if)v ^ U ;i/-coa (hmg-coa) 

li, AD >@ES:@T, C5(3[)-f V^>7^-;i/tf n U >^ (IPP) IC^^^tl, IP? 

liMtt^fbStS tc <j: >j s^" ^ 5" T u ;i/ If □ y >^ (dnapp) ic^^ ^ ti s „ $ ^ 

, DMAPPli, C5(3DIPPi:lW7jk, J: »J , C10(D^*^n;i/lfD U >^ 

(GPP) , C15CD7 t;i/:^ i/;i/tf n u >^ (fpp) , C20(7)>f^— ^— ;i/bi°n u 

>g? (GGPP) i:VNe)/SolC, ^^|5[$:5o^oMliLTV^<<Z>TfeS 1 ) . 
[0 0 0 3] 

;!jn^y>f F^'&figMS&tt^ GGPP^cfev^T-f vy^>**^-^^SI^*^e>:$>ii$ 

-r-5c ^^t>-b. 2:J)-^CDGGPP7{)^^'^bT, «IOO:ijn5^y >f KT'*)€>Mfe<D7 

hx> (phytoene) *^-^^$tlS<. "7 W ha:>ii^^^)Kj^;{Ccfc U ( 
lycopene) IC^^^tl. ^ ^ 'J n li^-fb/E^StC i: U /S n ^ > ( /3 -ca 
rotene) tC^gl^tl-So ^bX, /3 D 5^ > lC7K^^^>!r h if *^#AS 
, -fe'T^i?->^> (zeaxanthin) ^7 yt, ^ ^"^Tyf- y (astaxanthin) i^i^(DM 

<D ^ it > b :7 S ti -g) o 

[0 0 04] 

ttifeS^E#3^-^^iHfi Erwinia uredovora (D;tj n ^ ^ >f K 

) : [Misawa, N. , Nakagawa, M,, Kobayashi, K., Yamano, S. , Izawa, Y. , Na 
kamura, K. , Harashima K. , "Elucidation of the Erwinia uredovora carotene 
id biosynthetic pathway by functional analysis of gene products expresse 
d in Escherichia coli ". J. Bacteriol., 172, p. 6704-6712, 1990, RX^. His 
awa, N. , Yamano, S. , Ikenaga, H., "Production of /S -carotene in Zymomona 
s mobilis and Agrobacter ium tumef aciens by introduction of the biosynthe 
sis genes from Erwinia uredovora " . Appl. Environ, Microbiol., 57, p. 1847 
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-1849, 1991 , RXJ^. Yamano, S. , Ishii, T., Nakagawa, M. , Ikenaga, H., Mi 
sawa, N., "Metabolic engineering for production of /3 -carotene and lycop 
ene in Saccharomyces cerevisiae ". Biosci. Biotech. Biochem. , 58, p. 1112- 
1114, 1994 , S-O^, 2js:^^#e>lCj;S#fFmi^#l^¥3-58786#<2^$g (#M¥2- 

. uredovora (Di]U^ J ^ V^-^mMB^mK^*) ¥??f)-^b:^U^ J 
oCDcrtit^S^, crtE, crtB, crti, crtY^mX-t^t. "^OmA^ntcU^^ 

itp-i!ju^y^m^-t^^t>iztjt:^ (ia2#M) c ^^iz. ^mm^it. mm 

O^^^iZ^^). M^MM Agrobacterium aurantiacum (DjjW^J^ F^-q^jI 
^^m^i<l^MlZ^U--y^''h. :Ltl^(Dm^^t±m(OEr. uredovora® 

n If ^ ^ > A?S'ft$:^-r'5^«tf*»ji: Lx. ikM'pmmmiz-txizmmt-^ 
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-&<i;-^5&^^^$:?i^i: bTMV>, Er. uredovora •»?>Ag. aurantiacum (D:^^^- J 
>r K^-^fi^ae^®^AlcJ:U, e>lC±lffcy, ft;!§*n5^/ -f 

^>S:-^fi^'e^<2>|gi[^^lC> Ag. aurantiacum CD crtW crtz afe^ L/> ^ 
[0 0 0 5] 

* 5: m S ^ 1t <fc C) ^ M * 4x T V ^ „ 
[0 0 0 6] 

[0 0 0 7] 
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[0 0 0 8] 

MAPP(D ^ mm t-'5^^r'^-g>ipp-ry^^--fe'"5:n-K-rsae^$:-^tfDNA 

^5:, Er . ur edovor a ;fe ifCDi^U^J^ l^^^m^'^^^'t ^izB^^Ji i^<DU±^ 
>7\°^SCDT^ y ^IB^J*^, IIK6!llC, IPP*^?jDMAPP(D^SI$:M^i"<5^*T'fe 

^ipp>f y^^-if$:ii- F-tsa^^ii, r :^ ^ ^'^y^ym^w^<^r^&^i 

haff ia rhodozyma -^ Haematococcus pluvial is ^ jf g?#g>tLfeo 
[0 0 0 9] 

^ J: S DN « T SB IC ® -e ^ = 

(2) ^D^y-r F^^MMSriti^it-s^ttt^^i^^ r ^ y^SB^fJA^^^senjc 

[0 0 10] 

(3) _htH (1) ~ (2) (D^^-rtimz$im<DDMm^i3u^ J ^ ]^m^Wi^<^izm 
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[0011] 

rtse5l5(35S^J (Z)]^T'l¥b<^^:fei:^lC, #^>fe-^^±^lHS Erwinia uredov 
orafe j:tyj§#MM Agrobacterium aurantiacum ^ g>:^ 7 >f K^-h-^M-K^ 

v^< e>^>/N°^«c^^M^-htffci:z:5-r\ (^^) 

n^y >r K<DlS^I|{c^t>*o7t)^;S;vx„ ^m. iPP-f V ^ ^-ifiie^P?:#A-^^ 

(D±m.(^m^ Ol#M) *'^*<'5;U, ^^6ljJCFPP©^.f&4*^ft;tS3iilcj: 

IPP;{)^^DMAPP, ^feli. DMAPP*^ e> IPP^CD^g|S:MiE-r-5^^"e$)-5 
IPP-r V;<^--fe\ IPP-r y ^^-fii^Sl^ffiSr^-re^^/N'^H^rn- 
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^LTVNS. •t^Jtt>^. Er. uredovora (D;^D^y ^ F^-^^g¥g)^JMtC J: »J jS- 
:i7n5^>$:^^-t'5:^®ffi$:^t^i: bT, Phaffia rhodozyma , Haematococcus p 
luvialis ;5;i:*(Z)cDNA|g3S^-r:/vU -$:#|gb,- /S -jij □ 5^ >-^**^Jtini- 2> Zl 

FS::$3-^b^i^^, Saccharomyces cerevisiae(^IPP 

o HMG-CoA3bve)^An>®?^(Z);5f5?:M^-rSHMG-CoAl^^ftJ'^-if ( 

^^i#^EbTv^fe*^, IPP-ry^^-if^cov^T^^-e^^i:e>^#^^i^^l<> ipp^ 

[0 0 12] 

i-J&t)-^, 2ti:^^li, ?!7D^y-r F(D^Sai:it»^i±«>#tt$:*l^TV\Tr 

■t^. ?5jn^7-r F©ig^^§:M#^-tSt^®t:feS = 
*|g^lCj;^DNAlili. tfflB(l)(2)lCfB«$^l-g>DNA^. t.t^lii'tnh H:^ h V 

[0013] 

^JS-^1(04. 5-eiiA~B), m^m^2 (06, 7 T'liC~D) fCatb^tBB^fJ^^-r 
-5t;©"e^-5o :^is:|§0I^CfcV^T, 3tie>©DNA^{C J: oT 3- F$ tlS^KU 

^F (-r^fc-br^y ^SB^iij&'^^gaijicipp-f y^^-if-efe^^>A^S) 

„ ^cilXli, Z.(Dmm(DmimU(Dr^Jm (Met) :^^^^bTVNS%(7)^if=fe; 
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^tK'J^^^ F$:n- K-t-55fs:^WDNAm«, @e^J#-t l , 2 (04, 5, 6, 7) 
[0 0 14] 

■fb^-^fi^&«i: U tj Haematococcus pluvialis ^ fetj: Phaff ia rhodozyma ;^ ^'(pcDNA 
[0 0 15] 

±7&<D^or^:^nmmm^. mmt^i^u^ j >( \^m^mm ir:^t^ii. Erwin . 

U uredovora (Dj!jD^7 ^ F^-^fiKit-fe^^Sr-^tf:^®®. Zymomonas mob is ) 
■>Pi!3U^ J V^M^MM {f=.t:^lt. Erwinia uTedovorz CD:^ J ^ F^-r-' 
fiKjft'^d^l^?:-g't^ Saccharomyces cerevisiae ) ^ 2f (Z)^^i^lC^At"€> Zl i: J: 
;tjD^y >r F-^M^ritM^itSZlii^^T'^^o 
[0 0 1 6] 

UMM$tlTl^^-5=fo<Z)?:-^*^, ■^®#^^VnL:&^ "Vectors for c 

loning genes" , Methods in Enzymology, 216, p. 469-631, 1992, Academic Pre 
ss, ^ cfctJ^. "Other bacterial systems". Methods in Enzymology, 204, p. 305 
-636, 1991, Academic Press #fiS) tC^ DTHJg-r^lli J: V^o 
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[0 0 17] 

<^mm> 

Sambrook, J., Fritsch, E. F. , Maniatis, T., "Molecular cloning-A labora 
tory manual." Cold Spring Harbor Laboratory Press, 1989 #M) . 
<D^5i^»'fe^^C^)5g3^ii#S^C«eoT^f^^^J:V^A^ {r=.}lX\t. Wi&O "Molecula 
r cloning -A laboratory manual." #M) . fefcxli. pUC^-^pBluescript ^ 

, ^B^#^li, jac(D>^n=E-^-^$:*-r€>:^»«M^^^^- pSPORTl^felip 
Bluescript II KS$:MVnT> \^0^-:fn=E- 9 -(D^'^<D^) - \^ 7.)^-^^^ ^ 
^g^fpjlC. Haematococcus pluvial is . Phaff ia rhodozyma , Saccharomyces cerevi 
s i ae(Z) IPP>f y ^ ^ - if WK b . e>CD»>e^S::^liST'5§^$-li:7t 

o 

[0 0 18] 

<^«> 

^rgrSaccharomyces cerevisiae ^CD^jfeM-g^CO^A^li. U 5=" if 

f«J#m) . PGK^GPD^(^>^n^-^ 
-fej:^J^^-^:^-^-$:MV^T, ^5(5it>e^-^ 3©-/n ^- 5? - i: ^ - ^ - 

Z.CD^^ij'^V S. cerevisiae ©'<^^-, f=.}l^\t. YRp^ 

#:CDARS@H^J$!^lg®,^.ii"r-&^®Mv;i/^=itf-/^^^-) . YEp^ (^«® 2 

Aim DNA<Z)^^$B,^,5:i$o#«:«v;v^nif-K^^^-) , Yip^ mno^^mm 

, ^j;t>\ Yamano, S. , Ishii, T. , Nakagawa, M. , Ikenaga, H. , Misawa, N. , 
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"Metabolic engineering for production of /S -carotene and lycopene in Sac 
charomyce s cerevisiae ". Biosci. Biotech, Biochem. , 58, P. 1112-1114, 199 

4 mm) o 

[0 0 19] 
<! Zymomonas mob i 1 i s> 

Ji J -;i/^M^a Zymoinonas mobi 1 is /\g)^3[^jife^g)^Aatj:, ^^^J^^ 
'SetC^lii^g^'^^M^lCj: »J^f ^ 3i:*^T'^, Zymomonas mobiUsT'®^** 
■e^CD^^li, fejlX-tf Zymomonas mobi_nsfli'<^ -pZA22$:fl§ VnT^TC) il *^ 
(ctJ+*:^a, r zymomonas Mggjjj-^Waj , H ^ptaS-ft^^lg , 63, p.l 
016-1018, 1989, t5J;:XJ^. Misawa, N. , Yamano, S. , Ikenaga, H. , "Production 

of /S -carotene in Zymomonas mobilis and Agrobacter ium tumef aciens by in 
troduction of the biosynthesis genes from Erwinia uredovora " . Appl. Envi 
ron. Microbiol., 57, p. 1847-1849, 1991#M) o 

[0 0 2 0] 

yT)i^tyJ\^^nv>m (fpp) li^ijn^y ^ F^i-tT'^<, -fe;^=^5^;p'<> 

-^^LTvxscDT\ •t^xo^u&mt. m^^miz. ^mi^mmmti^x fpp$:>& 

L/TVN^«-r'e&'5c —Ij. ^^T^-a-^M® Erwinia uredovora® n ^ y h*-^ 
0^mB^mit. FFF^mWilLX. U =i^>. /S-:*»D^>. -fe* T =^r -9- > 5^ > if 
<^^M:i!jn^/^ F^T-^^^ii-SZlilA^nrig-e^*;, jS#^g Agrobacterium 
aurantiacum®;!jn5^y -r K-a-^it'e^l¥i:Jffi*^-^t>-&e 3 2l lC<k U , ;^ > ^ ^^r 
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, "^7Sit)*>, ## Saccharomyces cerevisiae . oc^ y -;i/^MM®ZyBoinonas m 
obi lis ;5;^';c Erwinia ur edovora g) cr t^fe^g^ ^ ^ A L . 3tl 

't■'e^C5i^LTV^-5 [Yamano, S. , Ishii, T. , Nakagawa, M. , Ikenaga, H-, Mi 
sawa, N., "Metabolic engineering for production of /3 -carotene and lycop 
ene in Saccharomyces cerevisiae ". Biosci. Biotech. Biochem. , 58, P. 1112 
-1114, 1994, Misawa, N. , Yamano, S., Ikenaga, H. , "Production of /S -caro 
tene in Zymomonas mobi 1 is and Agrobacter ium tumefaciens by introduction 
of the biosynthesis genes from Erwinia uredovora " . Appl. Environ. Micro 
biol., 57, p.1847-1849, 1991. fejct^, ^ IC J: ^#fl^aiMi^M¥3-58 

786^^m (<^M^2-53255-^mmm) : r^tjn^y-r K^-a-^lC^tM^DNA^j ] 

o 

[0 0 2 1] 

(?);?jD^y-r K-^fi^m^^^ (JftMfi^JlCli, Ag. aurantiacus ffijfeg):^^^ ^ >f 

^(D^Z. tUK&b^^lStCiU, IPP-r y^^-ifit'S^- (*M6!JIC«, Haema 
tococcus pluvial is , Phaff ia rhodozyma, ^feli, Saccharomyces cerevisiae 
;5;i:*©IPP-ry^^--^m^^) $:#AL, _hlB, i:}U^ J Y^mm.B^hm 

[0 0 2 2] 
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(i) JM109 (pRHl) 

: PERM BP-5032 

,(ii) JM109 (pHPll) 

: PERM BP-5031 

(iii) JM109 (pSIl) 

^ft## : PERM BP-5033 

'^n^M B : ¥fi^7^3^6H 
[0 0 2 3] 

#^C-B•S.$tlTV^^V^®-^li, (Sambrook, J., Fritsch, E. P., 

Naniatis, T. , "Molecular cloning -A laboratory manual." Cold Spring Bar 

bor Laboratory Press, 1989) ^C^-:5^^■r V^S o 
[0 0 2 4] 

{mmm i ] t ^m^i^ 

T^^-^^^ri^^'^-^M^S-SPhillia rhodozymali, American Type Culture Col 
lection : ATCCIC^^^ tlT V^-g> ATCC 24230^ $:MV>feo Ph. rhodo2yma $:^# 

•t^^mtLx. Ymm (s^x^f^ 0.3%. ^^x^:^. 0.3%, Ai/h^^ 

hy 0.5%, ifj\/n->^ 1%) ^m^^f^o r^^=3p-9->5^>^^^^HaeiMtoc 
occus pluvial is a. MH^A • AK3^J^'7 :!|- - ^ A ( Global Environm 

ental Forum )iZ^m^ tlX ^ NIES-144 ^$:MV^;/co Ha. pluvial is $:^#-r 

<g>^*i:LT, (^©x:^>5. 0.2%, mm^hv^i^ 0.12%, l-t 

>c>/N°^=3f> 0.0A%. i^it'^^':^iy ' T^yi^^m 0.02%, ^i^H— ^ • -fciTK 

Tfa^ 0.001%, i^{b7!7;i/i/'?A • -TKjFoife? 0.002%) $:fflv>, 20t:, i2^r^^ 

(20 fiE/m2 ' s)Xlzmmm^nrxm^Bm^^l^t^o ^t^. Ha. pluvialis g) 
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E/m2 • s-ej^l2^^^#L;to H^^^^ Saccharomyces cerevisjae^i. Yeast G 
enetic Stock Center tC^|^$ tlTV^-g>S288C!^$:MV^fco Sa. cerevisiae ^:^ 
m^^^^tVX. YPD^% mM:r.^7. 1%, A^b^>^h> 2%, ^^;i/=i 
2%) ^ffiV^fe„ 
[0 0 2 5] 

[|liiM2] Phaff ia rhodozymaCD^RNAODliSg 

Phaff ia rhodozyma ATCC 24230tt§:400 mlcDYM^:^iCif4ffi bT20X:, ^24^^ 

feo ^1^Lr^m^^7i^±xmmLt^^. e mKDkmAvyr- (10 mM s^^^hh 

U'i^A, 100 mM m.iti-hV A, 1 mM EDTA :pH 6.0) ^M^MMi^. M^^X^f- 

yaLj-)]y^m^. 6BX:x5^mum.vr=.o :i<D^30fpmz7^)v^v ^ 

n\'^. 1500xg, lO^r^, ^UX^Mji^-^mLt^, m^^XmA(Dy:nJ-)V:^U 

0/iN;i/A (1:1), ^oo/i>;i/A$:MvNTim±®^#^^f o3t^, »mLfe±M 

T'SO^^WMUfec 15000 Xg, 15^>ra, 4°C-e]tv(>b, 70%x^ 7 -;i/T' U > 
I^^L^^, 200 A l<Z)ji®*{C^^b7tt;(7)§:Ph. rhodozyma® ^RNA^ 

[0 0 2 6] 

CUSiMS) HaematocDCCus pluvial is Cp^RNAC^Mig 

Haematococcus pluvialis NIES-144 ^5:800 ml(D^*^:^{C^tffi bT20TC, 
yfc3SM20 /iE/m2-s, 0^Bt-t?->f ^^;H2^ra^/12^^Ht^#T-e,1^4Hra 
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n^^(D^SLWMmz3 inl®ISOGEN-LS Um) —^y^yt/->] ^M^. mUX5 

MUXmUbtcLo 12000Xg, 15^^. 4X:T'^^i>^^LT±S$:ttaiU 
2 mKD^O^ZfUJ-^J -JViimX-XlO^m. ^UXMW^. 12000Xg, 10^^^, 4 

mKDlEmWWi (10 mMhUX-HCl pH8.0, 1 mM EDTA) C^^j? L $:Ha. pluvi 

[0 0 2 7] 

CIIJSM4 3 Phaffia rhodozyma jgttJ^ Haeinatococcus pluvial is CDcDNA|§3^^ >f 

;r y □TT^^y ^X-dT30X — [^?gjt(^)] $:M V^T Phaf f ia rhodozyma ;^^? 
Haematococcus pluviaHs©#^RNAi^l mgfj^^-^V A+RM^^ti'^tlWMVt^. 

mm:^mit. mi40m&mmm<Dmm:^mzi}t^t:i^ z:(D:^mx?h. rhodozyma 

T'(i, m 26 fis. Ha. pluvial is t?tj:^ 14 /ig(Z>;KU A+mRNA$:iWigbfe„ 
cmkcDi^mit. y^-j-^-y^^ v^hTyizf^:^^. K5/>?.x-^=^ (GIBCO BRLt±) $: 

/KU A+mRNA^rM^'^, MgK^^Not KD^jj^jg j^rj t ISmersg) >j- U □rdTj?)^ ?>;&S-^^DN 
A$:^^>rv-fc bT«^«^^*SUPERSCRIPT RTT'^g^i^DNA^:-^^ ^VnTEs 
cherichia. coli DNA V ii — '^. E.coli DNA d< U — E.coli DNA RNase 
H$:ffiV^T2:*:iicDNA$:-^^Lfe#, MRS^^SallcD U $:T4 DNA UTSf-t' 

T'^-^^-a:, :g,1^69JCcDNA©±§g5|^^7b^SalIg|J^, ^ U AOTt^^b^Notl gp&lCTfc 
-g>i:e)tcf^^L;t„ m^^l&^5:Mv^T, ::4xe5cDNA(D-9--f X:$)-M$:^f vn, 0.7 
kb~3.5 kb®<gH®:$3'®S:*«)feo z:(Z):$i'®(Z)cDNAi:cDNA^^/<^ ^ -pSPORT I 
Notl-Sall-Cut t^±^^y hlZ^t.nX^^^^^^-^y3yj^yyT-i50 mM 
hUX-HCl pH 7.6, lOm M MgCl2, 1 mM ATP, 1 mM DTT, 5% PEG 8000) ;g. 1514 
DNA V ilS--\f^m^^X^>( ^-i/syhfcLc 30cDNA^^/<^ ^-pSPORT lit. 
Sai l g|Sfeg)±dStClac:/p ^- jt - t)t>, :*:Mg|^T'cDNA$:5S^^-ti:e 3 
T-#S^^'^--??S>-2>o riktC5-f>f-i/3>L;tDNA^M$:^T^oT. Molecul 



1 4 
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ar Cloning 2nd edition : Cold Spring Harbor Laboratory ,1.21-1.41 (1989) 

<D:^mizv^^xmmi^t:Li<mm ( e. coH ) m5a <Dny\^^yhiEji(DmM^ 

#l$:^fofc= Ph. rhodo2yma -g^20:??M. Ha. pluvialisT'^4:^M®?^KK^*^ 

Z:tl^)S:^T^i?);t^, Molecular cloning 2nd edition : Cold Spr 
ing Harbor Laboratory ,1-21-1.41 (1989) (D:^mzV^\,^. ^'^^^ FDNA^rM 
mvr=.o ^^0.9 ng^ 0.6 mg®:;^^:^.^ FDNA*^#Pjtl, Zl^l^r^tL 

^tlPh. rhodozyma ^tyHa. pluvial is g)cDNA|§i^^>r -/^ U - Life:. 
[0 0 2 8] 

Erwinia uredovora®crtZ JE^^©;?! P 5^ 7 >f F-^^M^d^H^^^i-'S ^ 
KpCARie [Misawa, N. , Nakagawa, M., Kobayashi, K. , Yanano, S. , Izawa, Y. 
, Nakamura, K. , Harashima, K., "Elucidation of the Erwinia uredovora car 
otenoid biosjmthetic pathway by functional analysis of gene products exp 
ressed in Escherichia coli ." Journal of Bacteriology, 172, p. 6704-6712,1 

990, Rn^mmm^iz.^smmmmmm^s-58786n^Am mmm-^szbb^m 
mm) : ^^u^J>(\^(D^mzmmf£mm^ ] (dbsieu mit. Kienow^^^ 

V ^illZj:^)^ crtX^>Kd^$:>' h{CiU^?S$ 

itfc^. ^-ijU^ ^jS^tCfgxg^crtE, crtB , crtl, crtYjjfe^ (0 2) 
tJ6.0 kb Asp718(KpnI)-EcoRI^>^^-t^t;mLfeo :LOym}^^±M m^^^-V 
ACYC184(DEcoRV§|SfetC jf A UHf^hliT ^ZfyT.^ \^ (pACCAR16 AcrtXi:^i&. 
EIIO) ^%tc. ZLCOpACCARieAcrtX^r^f-S:^©®!*, ^ n ^ ^"7 ai^n 

[0 0 2 9] 

^^y^S, KpCAR16g)BstEII/SnaBI?i>fb. Klenow^^^^, U:y-ifHtS 
crtX t crtYjj^d^ 2 . 26 kb BstEII-SnaBI f^^^^rHU 

|^V^fe^, U =I/<>^^{Ci5^;fccrtE, crtB, crtljS^^ (02) ^^ti3.75 k 
b Asp718 (KpnI)-EcoRI|^;t^^'JffiL/7t= ^ CD^>t ^ -pACYC184 

oEcoRv ^mzmxL. F (pACCRT-eib^:^^, Hio) 

feo ^(Z)pACCRT-ElB$:;ff-<5:^®Mtt. □ ^ i:. 7 ni^n 
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U n'O^r&MLT^feC^-feK^rat'f- (Cunningham Jr, F. X., Chamovitz, D. , 
Misawa, N. , Gatt, E. , Hirschberf, J., "Cloning and functional expressio 

n in Escherichia coli of a cyanobacterial gene for lycopene cyclase, the, 
enzyme that catalyzes the biosynthesis of /S -carotene" , FEES Lett., 3 

28, 130-138, 1993) „ 
[0 0 3 0] 

r^lC, Zf^y^^ KpCAR16g>BstEII/Eco52Ij'^-fb. KlenowS^^JtS, V :^'--if^ 
m^^TOZtlZ^iJ. crtX, crtY, CTtim.^^^^ti3.7 kb BstEII-Eco52IEgT 
}^^mV\^^^t^^. hJi>^^tCigM|;fecrtE, crtB^fe^ (0 2) ^^tiZ. 

3 kb Asp718 (Kpn I ) -EcoR I pgr >T- ^ U ffi L , ZlOllT^ir^::^)©®^^ ^ -pACYC 
184<Z)EcoRV ^mzmXV. afi^il-rS^^:^^ K (pACCRT-ESi:^^, 010) 
#fe„ 30pACCRT-EB$:>ti-'5:*:J»Bli. ^'O^A>'3inn-;i/®'IS§:^b-r*'^ 

, -feMtCtt^-fbli^VN (Linden, H. , Misawa, N. , Ch 

amovitz, D. , Pecker, I., Hirschberg, J., Sandmann, G. , "Functional compl 
ementation in Escherichia col i of different phytoene desaturase genes an 
d analysis of accumulated carotenes", Z. Naturf orsch. , 46c, 1045-1051, 
1991) „ 
[0 0 3 1] 

±mzf^ K FpACCARie A crtX$:^i$-r '&:^©@JM101*^ /S n 5^ > -^m^ L 
T^-fe<^S3^?:jfUMl^T, Z:CO:^MgtC Phaf f ia rhodozym a^ fetj: Haematoco 
ecus pluvial is CDcDNA^3^^>r^^ U - $:#A-r -5 :i ^ T% J: »J ltfe(Z)fe^*^^g 
< ?5;ofe?^K^^^*^^t)tlS*^ife»*^®^ltf?:^?ofco ^-r. Molecular Clon 
ing 2nd edition : Cold Spring Harbor Laboratory, 1.21-1.41 (1989)(7):S^^ 
$:MV^, pACCAR16AcrtX$:^j$-r^:^®®JM101(^=i>ti°^> N -fe ;b f^lJ^ b 
„ 7j?({C, Z.(7)=l>tf7^:y 1 mUcML/TPh. rhodozymafc ir/Ha. pluviali 

s(Z)cDNA|e3^v>f U -$:#100ng-ro$:^AL, -^tl^4xJ^20:^M^ i: If 
75m<^MM^Mi!^^. 150y[ig/ml©T>tf >>y 30 yti g/mlCD ^ O ^ 7 a: ^ n 
1 mM(Z)IPTG$:-g-ti*LB-:/l/- h (l%/\' ^ h h U y'' b >, 0.5%^«3i^>(>, 
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1% NaCU 1.5%l55c) ±IC^< r i: J; S ;^ ^7 U ^ $:4tvn, -ft&^^J: U 
||-feC[)"feM*^?§V>^S:Ph. rhodozyma -eS^. Ha. pluvial is -glO^. #^1"-&Z: 

Zltle>(3!)cDNAf§^i^^y^U-^ca5fe•rS>''^:^^ F(De)t., Ph. rhodoz 
yiiiafijfe®-:/^::?^^ F©l"0?:pRHl (Sll) , Ha. pluvial is ffijl^g)::^^::^ ^ 
1 o§:pHPli:^^b. $ e>{CpHPl$:SalI iiNotI T^i-ffcT cDNA6^>ta5:$>$:^ *J ffi 
pBluescriptll KS+lC#Afe $:pHPll (Hll) me)®:/^;^ 

[0 0 3 2] 

FpRHU pHPl^COV^TJ^T®#|lR■ea^(^>*$(^^^^Wt-Sv=^'-i/ 
3 F(Df^ig$:^fV^, ^tie>JC^MV>T^«ie^J®^^$:^f ofeo pRHl 

ttEcoRI iiPstI ^fctiNotlilSphl Ir-r^-fiSb. pHPlliAatll ilBamHI ^ liKpnl 

{CJ; UDNA^rimfRLT^c -etl^tl(7)DNA$:100 ^ ICDExoIII A«y 7 T - (50 mM Tri 
s-HCl, 100 mM NaCl, 5 mM MgClg, 10 mM 2-^ ^ h a: ^ ^ pH 8.0) IC 

ICIO yti l$:-y->^y ^'^''bT, 10 At l®MBA«y 7T- (40 mM NaCl, 2 mM ZnClg 

, io%^*U-fen-;i/. pH 4.5) (Z)AofezK±<^>^^-:/t-^L'feo •9->y''y 
J^T^, #e,tlfel0*©^r3.--:/$:65°C, 10^^fS^?aLT^*$:^?SSi±fc^. 
5n- F(Z)V>^l:f->55^7 l^T-if$:j&P;lT37X:-e30^^taUfeo $ ^iC, 
T7tfn-x>^';L'm^^5ci*tc i V, io(D>^vx^ Fffi*® v^Tloa(^^ 

4T,jgf4T^^2j^(5r)g^;{,^^^^DNA»TK-S:IlIllXb^c laUXL/feDNAliKlenow^^tC J; U 
[0 0 3 3] 
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■?-CD^||, pRHlCD Phaff ia r hodozyma a 5fe cDNA it 1 099i^aM (bp) (D^mmm 
^BlC^fS) o pHP 1 CD Haema t ococcus pluvial is ft5t^cDNAtj:l074 bpCDi^^iS^J 

^J§:Gene BanklZX^m^^^BLt-U^. Ph. rhodozyma fe J: tJ^Ha. pluvialis 

(DT^ jmmmit. ns^^^t;, ^tv^'ti, ^tcDr^ jmmm'^vizm^^nx 

V ^ Saccharomyces cerevisiae QIPP-^ y ^ — Ifjftfe^ (Anderson, M. S. , Mu 
ehlbacher, M., Street, I. P., Profitt, J., Poulter, C. D. , "Isopentenyl 
diphosphate: dimethylal lyl diphosphate isomerase -an improved purificati 
on of the enzyme and isolation of the gene from Saccharomyces cerevisiae 
J. Biol. Chem. , 264, P. 19169-19175, 1989 0m) i:27.0%i3 j; t;tK20,3 

p>r y ^ ^ - if ae^-e ^ -5 ^ 1^^ ^ ti o 

[0 0 3 4] 

CmSM 8 ] Saccharomyces cerevisiae cD:^DNAg)H^ 

Saccharomyces cerevisiae (7) :^ DN A CD M^li. Methods in Yeast Genetics; a 
laboratory course manual : Cold Spring Harbor Laboratory, pl31-132 (1990 
) iZ^^tlt=.:^^Xl^J.~fO)MlZ^7^f~. Sa. cerevisiae S288CS:10 mKDYPD^^ 

izmmL. so°cx^mLr~. ^mi^r=.mi^^mmi^. 0.5 mi<Dmmyi^xu 
mLxm^Ltc. nm> mi^^mmi>x±m^m*j\^^. 0.2 mi<D2% inton x- 

100, 1% SDS, 100 mM NaCl.lO mM Tris-Cl (pH 8),1 mM EDTAi:0.2 mlOZ^ ol J 
-}V : ^ UUji^JVl^ : -i y T ^ ;bT;i/=i (25:24:1) 0.3ga):tf^ tf- X 
iinx.. 3~4:$)-ra^;i/5=-'y 0.2 ml<^TE buffer (lOmM Tris-Cl (pH 

8), 1 mM EDTA)$!*D;^;to 5^r^jSvi>:9-^ L ^c^. ±M$:#LT1 mlcZJX^f^- 

)\^%:n7L. sm, 2:j^r^©3Sviiv4^^$:^f ofco %ht\.f~mmm^^A mioiE buff 

^r\zmm\^. 2/£i i<Z)10mg/ml(7)RNase A$:;(niX.T*^e>, 5^ra37X: tCjXfi L fee 
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IZIO ft 1<DA mMr>'e — ^jUt.l ml(Z)a:^ y -;i/$:iDA, ^KM^Lt^^. 2 
^^^>l>bTifc^%$:IlIIIXL:to mm^^mmLt^^. 50 >ttl®TE bufferJC^ 
figL/TSa. cerevisiae S288C<D^DNAi: b fe, 3Ans<D±mkti^m^ 

[0 0 3 5] 

CUSSM 9 ] PCR^IC i: ^ Saccharomyces cerevisiae© IPP>f Vi^=y — -fe'it'S^- 

Ws^(fy'ScM. (Anderson, M. S. , Muehlbacher, M., Street, I. P., Profitt, 
J., Poulter, C. D., "Isopentenyl diphosphate: dimethylal lyl diphosphate 
isomer ase -an improved purification of the enzyme and isolation of the g 
ene from Saccharomyces cerevisiae". J. Biol. Chen., 264, P. 19169-19175, 
1989 ) iC^^^tlTVA^Sa. cerevisiae© IPP>r y ^ ^ -if Jt-g^^i^fiiE^J 

:^^>fV — No.l 5' -TCGATGGGGGTTGCCTTTCTTTTTCGG-3' 
^ V — No.2 5' -CGCGTTGTTATAGCATTCTATGAATTTGCC-3' 
[0 0 3 6] 

PCRTitipS-r'&IPP-f V^^-if»'e^®±M5^^*^TaqI TSSM*^ 
;bUccIIgpfetC^-g) J: r> tCT^-jf ^ > PCRli, 200ng(DSa. cerevisiae ^DNAh 

PfuDNA;J<U ^ ^-if (STRATAGENE)?:^oT30if^ ^';i/-e^f PCR-e#e>nfe 
IPP>r ^-ifite^$:>^©ai^-ei6^§-&-g>fc«?){C, TaqI tAccIT^m^tL, 
^-J^ ^-pBIuescriptll KS+ CDClal ^fi^iiSmal gP^lC^ALi^c Z.(J>-^=y7.K 
F$:pSIli:^i&Lfe (011) „ r®Sa. cerevisiaefi3feDNAlil058bp(DJ^SBB3^J 

Tb^e^j&y (BH3«J#^6) , 288T^ y i?*^e>55i-5)ipp-r y^^--^"S:n- F-rsa 

e^*^#^LTV^fe (BI8~9^Ci3^:J•'5EA^^F^C^^r^) = 
[0 0 3 7] 

/<^^-pSPORTU Phaff ia rhodozym a© IPP^f y ^ ^ - if jftfe^ ^ ;^ 
^ KpRHl, Haematococcus pluvial is (D IPP>f y ^ ^--gjtfe^^-^t?:/^:^ ^ K 
pHPll. J3J:U^, Saccharomyces cerevisiae© I PP-Y V ^-ifjftfe^^-^tf "^^v 
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y^^KpSIl (Hll) -etl^tl. pACCRT-EIB (010) ^^ti^J n^y^Mi^m 
SJMlOl {&.^. L:iimmtLXm^) IC^AL. 150 g/ml® T > tf U > (A 
p) , 30 fie/ml(Di7 U^IaZ^ 3L — Z1 — JV (Cm) , 1 mH® IPTGS:#tfLBy h± 

$p>ic, ipp-f y>^^--fe*»e^^:-^*J5;v^=I> »;it5i^^*^¥< 
PPfijfe^lR^rS- (fei:;t{f, FPP^GGPPM-^^ >y^°^e) lc=fe;-f-;a'a, 

[0 0 3 8] 

IPP-^-y ^^-ifilfe^(D#AtcJ:-5 y e)Jcm#:^« 

fe%(DA^^, ^CD2 mlS:200 mlCDAp, Cm, 0.1 mM© IPTGS:-g-t?2YT^:% (l-6%7l 
^hhy:/h>, 0.5%NaCl) ■r28X:. 230 rpm 

^^r^fofco r^W^gii, 650 nm(Z)®3feS$:M^-t S r i: IC j; U ^«?)fe„ yn/< 
^'^MliJe^TCD.fce) lCUT^4?)feo i-Jfc^D*>. JS^O^S-ilJC J: ym$:A«). 2.5 
mlcDT-fe h>S:*D;i> 30^^|^iJ:fibfe. ^<Dra> 7j?;b5=-^v x^c*^^■j•fc<. 

liii?:=ff ofe=^, 474 nm®®^^$:?ftl^b. y =3/<>l mM, 1 cm-fe;i/fefe *J 
^S^nsS.O^bTU =3^>-g-»<^^»$:!fTofe= ^^^^^ti-l±. JASCO UVIDEC- 
220B&MV^feo ^j3. Zltl (Z)*|7b^*^tC y n ^ > L T J3 U , 474 nmO® 

Mll^c^^tlTv^-^>o ^ms:, 012 (^wffi^) , 013 ivnr<y^Mmm IC 

5^Lfe, ^Wii>S (012) ^CfeV^T^i, IPP-r V^^-ifilfe^$:-^^'^V^=i> 
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^WJCi2^M^FPPfi5f$(^llfi^:$^- (r^tK.it> FPP^GGPP^#^f>A°^K) 

fcv\Tli, ipp^f y;>i^-ifillK^^I:-^*^VMi> hn-;^2i. fficDiPP-r V;t^ 
-ir'a-e^^^r^tfai^^ltt, :^$^M7!)^^e>tifco IPP-T V ^ ^-ifa^^^^:^ 

Sl4T'S>-So IPP-f y;^^--fe'm^^$:"ttf3^li, IPP>fy^^-ifa 
B'f'^^tf£\i^ziyhu-)V(DS.6^A.5m<D^MM^^Ltco tjLis. pHPliS:-^ 

[0 0 3 9] 

mmmw ipp>r v ^ ^ - if a^^^^A j; -5 iS n ^ y^MMomA 

^ -pSPOPJlfe J: tJ^ Phaf f ia rhodozyma (D IPP^ V ^ ^ - if mfe^ ^^t^ ^ 
KpRHl?:, -etl^tl, pACCAR16AcrtX (010) -^^ti ^ -ilU^yM^i^ 

Lmmr-. 28r, -BfelSM^^bfetj®*^?). ^©l ml§:100 ml(7)Ap, Cm, 0.1 
mM(7)IPTG$:-^ti^2YT^^-e28t:, 230 rpmT\ 28^^, ji^C^t^)- 
ltlCJ:U. :ntl?)7!)^^S#i$:^«?). 0.85% NaCl-egfeofe^, 40 mlc^r i2 h >IC 

454 nm(Dm.^m^M^h. ^-ijU^y 1 mM, 1 cm-k;i/^:/^ U (7)lg^^g^U34.4 

/s-:ijD^>M^:^J^@li> ^a»i gfefcy709 /is<D^-iju^y^^mv. ^ 
tut. IPP^y^^-ifit>g^$:-^*^VMi> hD-;i/CD1.5>f§<Z)>fil$:z5b:/^o 
[0 0 4 0] 

^MbTfey, 454 nm®®^^^i/S-:^^^>^CjgHLTV^SZ:h$:, HPLCCi: 
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ysi^bfeo -r^fc-^, ij^J^HLx. jaav^er cis (3.9x300 mm) 

(90/6/4) T^SM$:^?V^. -7 ;t FT l^>r^ai^996 ('i'^t-^-X 

[0 0 4 1] 

IPP>r y:>t^--lf3te^^AtCJ:S:7^ hai>^^4<Dit4 
1? -pSPORTl, Phaffia rhodo2yma g)IPP>f V ^ — -fe'it'g^^r'^tf X 
^ KpRHl, '&,XS. Haematococcus pluviasl is g)IPP>f V:?t ^ — -^jj-fe^^'^tf 

FpHPll^:, pACCRT-EB (010) ^^tiV ^ h >jg^:^JIlgJM 

101 (i^A^, P:i:^iiS'fbLT^t-) JC#Abfe=fe(Z)S:5 mlOAp, Cm$:-^t?LB^% 
1?, 28X:. — Bfeii^^#Lfe=fe(D7!)^e>, ^(Z)l ml$:100 ml®Ap, Cm, 0.1 mMCDIP 
TG$:-g•t^2YT;©^■e28X:, 230 rpmT% 28^^, SS^«$:^fo)to 3S^i>:9'^JC J: 
ZLt\.hfi^hmW^%.^. 0.85% NaClT^ofe^. 40 mlCOT-fe h > L 

y -oiA/if U'-^-lci:-5|gj^m, 40 ml(D:5?fi:ii-5^;i/^7KT'5>S2$:^f x 
-^;bM®286nm®PR3^^$:M^b, 7W hX> 1 mM, 1 cm-fe;i/S>fc tj 

ofe^H, 286nm®I®^^®70%*^7>r h X>lC^H-^-g> Zl h 
±fH®^M(7)70%§:7>r hx>-^*i: ^*$:I1I141C^ Lfe, IPP-fV^ 

V>=i> h n-;i/01. 7—2.1-^(^^^*5:^ L^o 
[0 0 4 2] 

J[^±<Z)|l!feMtCi: tj, IPP-^- V^^^-ifit^d^O^AlCcJ: ^-fiU^l/. U 
A, le^ltCj;*;, FPP*T'<Z)±?fL<D@l^ (S 1 #M) 7&^*<^y, ^I^WICFPPO 
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[0 0 4 3] 

mm^^ : 1 

mm(D^-^ : 251 

mm 

Met Ser Met Pro Asn He Val Pro Pro Ala Glu Val Arg Thr Glu Gly 

5 10 15 

Leu Ser Leu Glu Glu Tyr Asp Glu Glu Gin Val Arg Leu Met Glu Glu 

20 25 30 

Arg Cys He Leu Val Asn Pro Asp Asp Val Ala Tyr Gly Glu Ala Ser 

35 40 45 

Lys Lys Thr Cys His Leu Met Ser Asn He Asn Ala Pro Lys Asp Leu 

50 55 60 

Leu His Arg Ala Phe Ser Val Phe Leu Phe Arg Pro Ser Asp Gly Ala 
65 70 75 80 

Leu Leu Leu Gin Arg Arg Ala Asp Glu Lys He Thr Phe Pro Gly Met 

85 90 95 

Trp Thr Asn Thr Cys Cys Ser His Pro Leu Ser He Lys Gly Glu Val 

100 105 110 

Glu Glu Glu Asn Gin He Gly Val Arg Arg Ala Ala Ser Arg Lys Leu 

115 120 125 

Glu His Glu Leu Gly Val Pro Thr Ser Ser Thr Pro Pro Asp Ser Phe 
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130 135 140 

Thr Tyr Leu Thr Arg He Bis Tyr Leu Ala Pro Ser Asp Gly Leu Trp 
145 150 155 160 

Gly Glu His Glu He Asp Tyr He Leu Phe Ser Thr Thr Pro Thr Glu 

165 170 175 

His Thr Gly Asn Pro Asn Glu Val Ser Asp Thr Arg Tyr Val Thr Lys 

180 185 190 

Pro Glu Leu Gin Ala Met Phe Glu Asp Glu Ser Asn Ser Phe Thr Pro 

195 200 205 

Trp Phe Lys Leu He Ala Arg Asp Phe Leu Phe Gly Trp Trp Asp Gin 

210 215 220 

Leu Leu Ala Arg Arg Asn Glu Lys Gly Glu Val Asp Ala Lys Ser Leu 
225 230 235 240 

Glu Asp Leu Ser Asp Asn Lys Val Trp Lys Met »«« 
245 250 

[0 04 4] 
@2^J#^ : 2 
mmO)^-^ : 259 

Met Gin Leu Leu Ala Glu Asp Arg Thr Asp His Met Arg Gly Ala Ser 

5 10 15 

Thr Trp Ala Gly Gly Gin Ser Gin Asp Glu Leu Met Leu Lys Asp Glu 

20 25 30 

Cys He Leu Val Asp Ala Asp Asp Asn He Thr Gly His Val Ser Lys 
35 40 45 

2 4 ailiiE#¥ 08-3026621 
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Leu GIu Cys His Lys Phe Leu Pro His Gin Pro Ala Gly Leu Leu His 

50 55 60 

Arg Ala Phe Ser Val Phe Leu Phe Asp Asp Gin Gly Arg Leu Leu Leu 
65 70 75 80 

Gin Gin Arg Ala Arg Ser Lys He Thr Phe Pro Ser Val Trp Thr Asn 

85 90 95 

Thr Cys Cys Ser His Pro Leu His Gly Gin Thr Pro Asp Glu Val Asp 

100 105 ' 110 

Gin Leu Ser Gin Val Ala Asp Gly Thr Val Pro Gly Ala Lys Ala Ala 

115 120 125 

Ala He Arg Lys Leu Glu His Glu Leu Gly He Pro Ala His Gin Leu 

130 135 140 

Pro Ala Ser Ala Phe Arg Phe Leu Thr Arg Leu His Tyr Cys Ala Ala 
145 150 155 160 

Asp Val Gin Pro Ala Ala Thr Gin Ser Ala Leu Trp Gly Glu His Glu 

165 170 175 

Met Asp Tyr He Leu Phe He Arg Ala Asn Val Thr Leu Ala Pro Asn 

180 185 190 

Pro Asp Glu Val Asp Glu Val Arg Tyr Val Thr Gin Glu Glu Leu Arg 

195 200 205 

Gin Met Met Gin Pro Asp Asn Gly Leu Gin Trp Ser Pro Trp Phe Arg 

210 215 220 

He He Ala Ala Arg Phe Leu Glu Arg Trp Trp Ala Asp Leu Asp Ala 
225 230 235 240 

Ala Leu Asn Thr Asp Lys His Glu Asp Trp Gly Thr Val His His He 
245 250 255 

Asn Glu Ala «** 
[0 0 4 5] 

@H3^J## : 3 



2 5 
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iB^jCD:g$ : 288 



Met Thr Ala Asp Asn Asn Ser Met Pro His Gly Ala Val Ser Ser Tyr 

5 10 15 

Ala Lys Leu Val Gin Asn Gin Thr Pro Glu Asp lie Leu Glu Glu Phe 

20 25 30 

Pro Glu lie lie Pro Leu Gin Gin Arg Pro Asn Thr Arg Ser Ser Glu 

35 40 45 

Thr Ser Asn Asp Glu Ser Gly Glu Thr Cys Phe Ser Gly His Asp Glu 

50 55 60 

Glu Gin He Lys Leu Met Asn Glu Asn Cys He Val Leu Asp Trp Asp 
65 70 75 80 

Asp Asn Ala He Gly Ala Gly Thr Lys Lys Val Cys His Leu Met Glu 

85 90 95 

Asn He Glu Lys Gly Leu Leu His Arg Ala Phe Ser Val Phe He Phe 

100 105 110 

Asn Glu Gin Gly Glu Leu Leu Leu Gin Gin Arg Ala Thr Glu Lys He 

115 120 125 

Thr Phe Pro Asp Leu Trp Thr Asn Thr Cys Cys Ser His Pro Leu Cys 

130 135 140 

He Asp Asp Glu Leu Gly Leu Lys Gly Lys Leu Asp Asp Lys He Lys 
145 150 155 160 

Gly Ala He Thr Ala Ala Val Arg Lys Leu Asp His Glu Leu Gly He 

165 170 175 

Pro Glu Asp Glu Thr Lys Thr Arg Gly Lys Phe His Phe Leu Asn Arg 

2 6 aiil#¥ 08-3026621 
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180 185 190 

lie His Tyr Met Ala Pro Ser Asn Glu Pro Trp Gly Glu His Glu lie 

195 200 205 

Asp Tyr lie Leu Phe Tyr Lys lie Asn Ala Lys Glu Asn Leu Thr Val 

210 215 220 

Asn Pro Asn Val Asn Glu Val Arg Asp Phe Lys Trp Val Ser Pro Asn 
225 230 235 240 

Asp Leu Lys Thr Met Phe Ala Asp Pro Ser Tyr Lys Phe Thr Pro Trp 

245 250 255 

Phe Lys lie He Cys Glu Asn Tyr Leu Phe Asn Trp Trp Glu Gin Leu 

260 265 270 

Asp Asp Leu Ser Glu Val Glu Asn Asp Arg Gin He His Arg Met Leu 
275 280 285 

[0 0 4 6] 

m^m^ : 4 

BB^II®;R$ : 1099 

mn<Dm : mm 
mom : r^^m 

mn(Dmm cdna 

: Phaff ia rhodozyma 

: ATCG 24230 

^^Um : 99. . 851 
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mm 

CCCACGCGTC CGCACATCTC GCATATATCA CTTTCCTCCT TCCAGAACAA GTTCTGAGTC 60 

AACCGAAAAG AAAGAAGGCA GAGGAAAATA TATTCTAG ATG TCC ATG COG AAC ATT 116 

Met Ser Met Pro Asn He 

5 

GTT COG CCC GCC GAG GTC CGA ACC GAA GGA CTC AGT TTA GAA GAG TAG 164 
Val Pro Pro Ala Glu Val Arg Thr Glu Gly Leu Ser Leu Glu Glu Tyr 

10 15 20 

GAT GAG GAG GAG GTC AGG CTG ATG GAG GAG GGA TGT ATT CTT GTT AAC 212 
Asp Glu Glu Gin Val Arg Leu Met Glu Glu Arg Cys He Leu Val Asn 

25 30 35 

CCG GAG GAT GTG GCC TAT GGA GAG GCT TCG AAA AAG ACC TGC CAC TTG 260 
Pro Asp Asp Val Ala Tyr Gly Glu Ala Ser Lys Lys Thr Cys His Leu 

40 45 50 

ATG TCC AAC ATG AAC GCG CCC AAG GAG CTC CTC CAC CGA GCA TTC TCC 308 
Met Ser Asn He Asn Ala Pro Lys Asp Leu Leu His Arg Ala Phe Ser 
55 60 65 70 

GTG TTT CTC TTC CGC CCA TCG GAC GGA GCA CTC CTG CTT GAG CGA AGA 356 
Val Phe Leu Phe Arg Pro Ser Asp Gly Ala Leu Leu Leu Gin Arg Arg 

75 80 85 

GCG GAC GAG AAG ATT ACG TTC CCT GGA ATG TGG ACC AAC ACG TGT TGC 404 
Ala Asp Glu Lys He Thr Phe Pro Gly Met Trp Thr Asn Thr Cys Cys 

90 95 100 

AGT CAT CCT TTG AGC ATG AAG GGC GAG GTT GAA GAG GAG AAC GAG ATG 452 
Ser His Pro Leu Ser He Lys Gly Glu Val Glu Glu Glu Asn Gin He 

105 110 115 

GGT GTT CGA CGA GCT GCG TCC CGA AAG TTG GAG CAC GAG CTT GGC GTG 500 
Gly Val Arg Arg Ala Ala Ser Arg Lys Leu Glu His Glu Leu Gly Val 
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120 125 130 

CCT ACA TCG TCG ACT CCG CCC GAG TOG TTC ACC TAG CTC AGT AGG ATA 548 
Pro Thr Ser Ser Thr Pro Pro Asp Ser Phe Thr Tyr Leu Thr Arg He 
135 140 145 150 

CAT TAG CTC GCT CCG AGT GAG GGA CTC TGG GGA GAA CAC GAG ATC GAG 596 
His Tyr Leu Ala Pro Ser Asp Gly Leu Trp Gly Glu His Glu He Asp 

155 160 165 

TAC ATT CTC TTC TCA ACC ACA CCT ACA GAA CAC ACT GGA AAC CCT AAC 644 
Tyr He Leu Phe Ser Thr Thr Pro Thr Glu His Thr Gly Asn Pro Asn 

170 175 180 

GAA GTC TCT GAG ACT CGA TAT GTC ACC AAG CCC GAG CTC CAG GCG ATG 692 
Glu Val Ser Asp Thr Arg Tyr Val Thr Lys Pro Glu Leu Gin Ala Met 

185 190 195 

TTT GAG GAG GAG TCT AAC TCA TTT ACC CCT TGG TTC AAG TTG ATT GCG 740 
Phe Glu Asp Glu Ser Asn Ser Phe Thr Pro Trp Phe Lys Leu He Ala 

200 205 210 

CGA GAG TTC CTG TTT GGC TGG TGG GAT CAA CTT CTC GCC AGA CGA AAT 788 
Arg Asp Phe Leu Phe Gly Trp Trp Asp Gin Leu Leu Ala Arg Arg Asn 
215 220 225 230 

GAA AAG GGT GAG GTC GAT GCC AAA TCG TTG GAG GAT CTC TCG GAG AAC 836 
Glu Lys Gly Glu Val Asp Ala Lys Ser Leu Glu Asp Leu Ser Asp Asn 

235 240 245 

AAA GTC TGG AAG ATG TAGTCGACC CTTCTTTCTG TACAGTCATC TCAGTTCGCC 890 
Lys Val Trp Lys Met **« 

250 

TGTTGGTTGC TTGCTTCTTG CTCTTCTTTC TATATATCTT TTTTCTTGCC TGGGTAGACT 950 
TGATCTTTCT ACATAGCATA CGCATACATA CATAAACTCT ATTTCTTGTT CTTTATCTCT 1010 
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CTTCTAAGGG AATCTTCAAG ATGAATTTCT TTTTGGGCTA CAACATTTCA GATCAATGTT 1070 

GCTTTTCAGA CTACAAAAAA AAAAAAAAA 1099 

[0 0 4 7] 
f2^J#-^ : 5 
m^i(D^^ : 1074 

m^iO)UM : cDNA 

: Haematococcus pluvial is 
: NIES-144 

nm^m-ttm- : CDS 

: 145 . . 921 
: E 

ATCGCTACTT GGAAGCTGGC CCGGCGGCAG TCCGATGACG CGATGCTTCG TTCGTTGCTC 60 

AGAGGCCTCA CGCATTTCCC CCGGGTGAAC TCCGCGCAGC AGCCGAGCTG TGCACACGCG 120 

CGACTCCAGT TTAGGCCCAG AAGG ATG GAG GTG CTT GGG GAG GAG CGC AGA GAG 179 

Met Gin Leu Leu Ala Glu Asp Arg Thr Asp 

5 10 
CAT ATG AGG GGT GCA AGT ACC TGG GGA GGG GGG GAG TCG GAG GAT GAG 222 
His Met Arg Gly Ala Ser Thr Trp Ala Gly Gly Gin Ser Gin Asp Glu 
15 20 25 
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CTG ATG CTG AAG GAG GAG TGC ATC TTG GTG GAT GCT GAG GAG AAC ATT 270 
Leu Met Leu Lys Asp Glu Cys He Leu Val Asp Ala Asp Asp Asn lie 

30 35 40 

ACA GGC CAT GTG AGC AAG CTG GAG TGC CAC AAG TTC GTA CCA CAT GAG 318. 
Thr Gly His Val Ser Lys Leu Glu Cys His Lys Phe Leu Pro His Gin 

45 50 55 

GCT GCA GGC CTG CTG CAC CGG GGC TTC TCT GTA TTC CTG TTT GAG GAG 366 
Pro Ala Gly Leu Leu His Arg Ala Phe Ser Val Phe Leu Phe Asp Asp 

60 65 70 

GAG GGG CGA CTG CTG CTG CAA GAG GGT GCA CGA TCA AAA ATC ACA TTC 414 
Gin Gly Arg Leu Leu Leu Gin Gin Arg Ala Arg Ser Lys lie Thr Phe 
75 80 85 90 

CCC ACT GTG TGG ACC AAC ACC TGC TGC AGC CAC CCT GTA CAT GGG GAG 462 
Pro Ser Val Trp Thr Asn Thr Cys Cys Ser His Pro Leu His Gly Gin 

95 100 105 

ACC CCA GAT GAG GTG GAG CAA CTA AGC GAG GTG GCC GAG GGC ACA GTA 510 
Thr Pro Asp Glu Val Asp Gin Leu Ser Gin Val Ala Asp Gly Thr Val 

110 115 120 

CCT GGC GCA AAG GCT GCT GCC ATC CGC AAG TTG GAG CAC GAG CTG GGG 558 
Pro Gly Ala Lys Ala Ala Ala lie Arg Lys Leu Glu His Glu Leu Gly 

125 130 135 

ATA CCA GCG CAC CAG CTG CCG GCC AGC GCG TTT CGC TTC CTC ACG CGT 606 
lie Pro Ala His Gin Leu Pro Ala Ser Ala Phe Arg Phe Leu Thr Arg 

140 145 150 

TTG CAC TAG TGC GCC GCG GAG GTG GAG CCG GGT GCG ACA CAA TCA GCA 654 
Leu His Tyr Cys Ala Ala Asp Val Gin Pro Ala Ala Thr Gin Ser Ala 
155 160 165 170 

CTC TGG GGC GAG CAC GAA ATG GAG TAG ATC TTA TTC ATC CGG GGC AAC 702 
Leu Trp Gly Glu His Glu Met Asp Tyr He Leu Phe He Arg Ala Asn 
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175 180 185 

GTC ACC CTT GCG CCC AAC OCT GAG GAG GTG GAG GAA GTG AGG TAG GTG 750 
Val Thr Leu Ala Pro Asn Pro Asp Glu Val Asp Glu Val Arg Tyr Val 

190 195 200 

AGG CAG GAG GAG CTG CGG GAG ATG ATG GAG GCG GAG AAT GGG TTG CAA 798 
Thr Gin Glu Glu Leu Arg Gin Met Met Gin Pro Asp Asn Gly Leu Gin 

205 210 215 

TGG TCG GCG TGG TTT CGG ATC ATC GCG GCG CGC TTC CTT GAG CGC TGG 846 
Trp Ser Pro Trp Phe Arg He lie Ala Ala Arg Phe Leu Glu Arg Trp 

220 225 230 

TGG GCT GAG CTA GAC GCG GCG CTG AAC ACT GAG AAA CAC GAG GAT TGG 894 
Trp Ala Asp Leu Asp Ala Ala Leu Asn Thr Asp Lys His Glu Asp Trp 
235 240 245 250 

GGA ACQ GTG GAT CAC ATC AAC GAA GCG TGA AAACAG AAGCTGTAGG 940 
Gly Thr Val His His He Asn Glu Ala *«* 
255 

ATGTCAAGAC ACGTCATGAG GGGGCTTGGC ATCTTGGCGG CTTCGTATCT CTTTTTACTG 1000 

AGACTGAACC TGCAGCTGGA GACAATGGTG AGCCCAATTC AACTTTCCGC TGCACTGGAA 1060 

AAAAAAAAAA AAA A 1074 

[0 0 4 8] 
IB^JH^ : 6 
m^i<^-^^ : 1058 

mm (Dm : mm 
m(Dm : r.:^m 

Mm<DMM : genome DNA 
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: Saccahromyces cerevisiae 
: S288C 

H^m^mtsS,^ : CDS 
#^Efeg : 187 . . 1050 

TCGATGGGGG TTGCGTTTCT TTTTCGGTCT TAACTCCATT TATATTTATT TATTCATTTT 60 
TATCTATTTA ACAGGAAACA GTTTTCTAGT GAGAAGAAGG CGTATATCCC ACTTAATTCA 120 
ATATTAGAGT ATTCGTATTT GGAATACAGG AAGAGTAAAA ATAAGCCAAA AATTCATTAC 180 



ACCTCA ATG ACT GCC GAG AAC AAT AGT ATG CCC CAT GGT GCA GTA TCT AGT 231 
Met Thr Ala Asp Asn Asn Ser Met Pro His Gly Ala Val Ser Ser 

5 10 15 

TAG GCC AAA TTA GTG CAA AAC CAA ACA CCT GAA GAG ATT TTG GAA GAG 279 , 
Tyr Ala Lys Leu Val Gin Asn Gin Thr Pro Glu Asp lie Leu Glu Glu 

20 25 30 

TTT CCT GAA ATT ATT CCA TTA CAA CAA AGA CCT AAT ACC CGA TCT AGT 327 
Phe Pro Glu He He Pro Leu Gin Gin Arg Pro Asn Thr Arg Ser Ser 

35 40 45 

GAG ACG TCA AAT GAC GAA AGC GGA GAA ACA TGT TTT TCT GGT CAT GAT 375 
Glu Thr Ser Asn Asp Glu Ser Gly Glu Thr Cys Phe Ser Gly His Asp 

50 55 60 

GAG GAG CAA ATT AAG TTA ATG AAT GAA AAT TGT ATT GTT TTG GAT TGG 423 
Glu Glu Gin He Lys Leu Met Asn Glu Asn Cys He Val Leu Asp Trp 
65 70 75 
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GAC GAT AAT GCT ATT GGT GCC GOT ACC A AG AAA GTT TGT CAT TTA ATG 471 
Asp Asp Asn Ala He Gly Ala Gly Thr Lys Lys Val Cys His Leu Met 
80 85 90 95 

GAA AAT ATT GAA AAG GGT TTA CTA CAT CGT GCA TTC TCC GTC TTT ATT 519 
Glu Asn He Glu Lys Gly Leu Leu His Arg Ala Phe Set Val Phe He 

100 105 110 

TTC AAT GAA CAA GGT GAA TTA CTT TTA CAA CAA AGA GCC ACT GAA AAA 567 
Phe Asn Glu Gin Gly Glu Leu Leu Leu Gin Gin Arg Ala Thr Glu Lys 

115 120 125 

ATA ACT TTC CCT GAT CTT TGG ACT AAC ACA TGC TGC TCT CAT CCA CTA 615 
He Thr Phe Pro Asp Leu Trp Thr Asn Thr Cys Cys Ser His Pro Leu 

130 135 140 

TGT ATT GAT GAC GAA TTA GGT TTG AAG GGT AAG CTA GAC GAT AAG ATT 663 : 
Cys lie Asp Asp Glu Leu Gly Leu Lys Gly Lys Leu Asp Asp Lys He 

145 150 155 

AAG GGC GCT ATT ACT GCC GCG GTG AGA AAA CTA GAT CAT GAA TTA GGT . 711 
Lys Gly Ala He Thr Ala Ala Val Arg Lys Leu Asp His Glu Leu Gly 
160 165 170 175 

ATT CCA GAA GAT GAA ACT AAG ACA AGG GGT AAG TTT CAC TTT TTA AAC 759 
He Pro Glu Asp Glu Thr Lys Thr Arg Gly Lys Phe His Phe Leu Asn 

180 185 190 

AGA ATC CAT TAG ATG GCA CCA AGC AAT GAA CCA TGG GGT GAA CAT GAA 807 
Arg He His Tyr Met Ala Pro Ser Asn Glu Pro Trp Gly Glu His Glu 

195 200 205 

ATT GAT TAG ATC CTA TTT TAT AAG ATC AAC GCT AAA GAA AAC TTG ACT 855 
He Asp Tyr He Leu Phe Tyr Lys He Asn Ala Lys Glu Asn Leu Thr 

210 215 220 

GTC AAC CCA AAC GTC AAT GAA GTT AGA GAC TTC AAA TGG GTT TCA CCA 903 
Val Asn Pro Asn Val Asn Glu Val Arg Asp Phe Lys Trp Val Ser Pro 
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225 230 235 

AAT GAT TTG AAA ACT ATG TTT GCT GAG CCA AGT TAC AAG TTT ACG CCT 951 
Asn Asp Leu Lys Thr Met Phe Ala Asp Pro Ser Tyr Lys Phe Thr Pro 
240 245 250 255 

TGG TTT AAG ATT ATT TGC GAG AAT TAC TTA TTC AAC TGG TGG GAG CAA 999 
Trp Phe Lys He He Cys Glu Asn Tyr Leu Phe Asn Trp Trp Glu Gin 

260 265 270 

TTA GAT GAC CTT TCT GAA GTG GAA AAT GAC AGG CAA ATT CAT AGA ATG 1047 
Leu Asp Asp Leu Ser Glu Val Glu Asn Asp Arg Gin He His Arg Met 

275 280 285 

CTA TAA CAACG 1058 
Leu *** 
[0 0 4 9] 

n^y >r KiiitMofis (Fpp) ^m-t^9-)y^j>(\^m(DW^m\z.i:^±m\z 

[Ell ] HMG-CoA:^^e>FPP^CV^fe-^,^ y:7°l/>S*^'a-^S]^$:^-^c 
[0 2] #j^-^^Mg Erwinia uredovora (7);tj P 5^ 7 >f K^-^^M{g& ^ ;!j 

[0 3] jSjg^MS Agrobacter ium auranUacum© jfj D ^ y ^ K^-n-^MS& 
[04] ^jj-^^^M^^gr Phaff ia rhodozyma gjlPP^f V;^ ^-if 
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[06] TX^ ^-9->5=->^^^^ Haematococcas pluvialis g>IPP>r Vjpt. 
[08] ^i^^^Q Saccharomyces cerevisiae (Z)IPP^ V ^"^--^tA^^ 

[0 9] ms<Dmn(Dm^^^-to 

[010] pT^-^fi^MS Erwinia uredovora (Z)^ P 7 K^-r J^S-fe^ 

[011] Phaf f i a r hodozyma , Haematococcus pluvialis , Saccharomyce 
s cerevisiae (Z)IPP>r V;»t — ifmfe^^r'^tj'':^^:^ ^ F^^i"o 

[012] V-n^ym^^mi^mm (LO (D^Wfi^$:^-^= controUi, I 

pp>f v>^^-ifitfed^^"^*^VM3> hn-;i/?:5^-r. 

[013] V ^^yM^^Ui^3^ (LO =l/0:^]gffi^$:^t-c cont 

[014] :g-a:^®gtcfei-t-g>U (LO , B-iju^y (/SO . 

hx> (PO ©^^45:5^-^0 controUi, V ^ --^M^^^^t.^^^^^ 

y hu-?\y^^-t. 
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[04] 



A 

1 9 18 27 36 45 54 

'ATG TCC MG COC AAC ATT GTT CCC CCC GCC GAG GTC CGA AOC GAA GGA CTC AGT 
Met Ser Met Pro Aan He VaX Pro Pro Ala Glu Val Arg Thr Glu Gly I-eu Ser 

18 

63 72 81 90 99 108 

TTA GAA GAG TAC GAT GAG GAG CAG GTC AGG CTG ATG GAG GAG CGA TGT ATT CTT 
I>eu Glu Glu Tyr Asp Glu Glu Gin Val Azg I«eu Met Glu Glu Arg Cys Zle Leu 

36 

117 126 135 144 153 162 

GTT AAC CCG GAG GAT GTG GCC TAT GGA GAG GCT TCG AAA AAG ACC TGC CAC TTG 
Val Aan Pro Asp Asp Val Ala Tyr Gly Glu Ala Ser Lys Lys Thr Cys His Leu 

54 

171 180 189 198 207 216 

ATG TCC AAC ATC AAC GCG CCC AAG GAC CTC CTC CAC CGA GCA TTC TCC GTG TTT 
Met Ser Aan He Asn Ala Pro Lys Asp Leu Leu His Arg Ala Phe Ser Val Phe 

72 

225 234 243 252 261 270 

CTC TTC CGC CCA TCG GAC GGA GCA CTC CTG CTT CAG CGA AGA GCG GAC GAG AAG 
Leu Phe Arg Pro Ser Asp Gly Ala Leu Leu Leu Gin Arg Arg Ala Asp Glu Lys 

90 

279 288 297 306 315 324 

ATT ACG TTC CCT GGA ATG TGG ACC AAC ACG TGT TGC AGT CAT CCT TTG AGC ATC 
He Thr Phe Pro Gly Met Trp Thr Asn Thr Cys Cys Ser His Pro Leu Ser He 

108 

333 342 351 360 369 378 

AAG GGC GAG GTT GAA GAG GAG AAC CAG ATC GGT GTT CGA CGA GCT GCG TCC CGA 
Lys Gly Glu Val Glu Glu Glu Asn Gin He Gly Val Arg Arg Ala Ala Ser Arg 

126 

387 396 405 414 423 432 

AAG TTG GAG CAC GAG CTT GGC GTG CCT ACA TCG TCG ACT CCG CCC GAC TCG TTC 
Lys Leu Glu His Glu Leu Gly Val Pro Thr Ser Ser Thr Pro Pro Asp Ser Phe 

144 

441 450 459 468 477 486 

ACC TAC CTC ACT AGG ATA CAT TAC CTC GCT CCG AGT GAC GGA CTC TGG GGA GAA 
Thr Tyr Leu Thr Arg He His Tyr Leu Ala Pro Ser Asp Gly Leu Trp Gly Glu 

162 

495 504 513 522 531 540 

CAC GAG ATC GAC TAC ATT CTC TTC TCA ACC ACA CCT ACA GAA CAC ACT GGA AAC 
His Glu He Asp Tyr He Leu Phe Ser Thr Thr Pro Thr Glu His Thr Gly Asn 

180 

549 558 567 576 585 594 

CCT AAC GAA GTC TCT GAC ACT CGA TAT GTC ACC AAG CCC GAG CTC CAG GCG ATG 
Pro Asn Glu Val Ser Asp Thr Arg Tyr Val Thr Lys Pro Glu Leu GXn Ala Met 

198 
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603 612 €21 €30 639 64B 

TTT GAG GAC GAG TCT AAC TCA TTT ACC CCT TGG TTC AAG TTG ATT GCX CGA GAC 
phe Glu A9p Glu Ser Asn Ser Phe Thr Pro Trp Fhe Lys Leu He Ala hrg Asp 

216 

€51 666 675 684 693 702 

TTC CTG TTT GGC TGG TGG GAT CAA CTT CTC GCC AGA CGA AAT GAA AAG GGT GAG 
Phe Xfeu Phe Gly Trp Txp Asp Gin I<eu Leu Ala Arg Arg Asn Glu Lys Gly Glu 

234 

711 720 729 738 747 756 

GTC GAT GCC AAA TCG TTG GAG GAT CTC TCG GAC AAC AAA GTC TGG AAG ATG TAG 
Val Asp Ala Lys Ser Leu Glu Asp Leu Ser Asp Asn Lys Val Trp Lys Met!*** 

251] 

B 
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LS 18 27 36 45 54 

CAG CTG err GCC GAG GAC CGC ACA 6AC CAT ATG AGG GGT GCA AGT ACC TGG 
Ket Gin I^eu Leu Ala Glu Aap Arg Thr Asp Hia Ket Arg Gly Ala Ser Thr Trp 

18 

63 72 81 90 99 108 

GCA GGC GGG CAG TCG CAG GAT GAG CTG ATG CTG AAG GAC GAG TGC ATC TTG GTG 
Ala Gly Gly Gin Ser Gin Aap Glu Leu Met Leu Lya Asp Glu Cys He Leu Val 

36 

117 126 135 144 153 162 

GAT GCT GAC GAC AAC ATT ACA GGC CAT CTC AGC AAG CTG GAG TGC CAC AAG TTC 
Asp Ala Asp Asp Asn He Tttr Gly His Val Ser Lys Leu Glu Cys His Lys Phe 

54 

171 180 189 198 207 216 

CTA CCA CAT CAG CCT GCA GGC CTG CTG CAC CGG GCC TTC TCT GTA TTC CTG TTT 
Leu Pro His Gin Pro Ala Gly Leu Leu His Arg Ala Phe Ser Val Plie Leu Phe 

72 

225 234 243 252 261 270 

GAC GAC CAG GGG CGA CTG CTG CTG CAA CAG CGT GCA CGA TCA AAA ATC ACA TTC 
Asp Asp Gin Gly Arg Leu Leu Leu Gin Gin Arg Ala Arg Ser Lys He Thr Phe 

90 

279 288 297 306 315 324 

CCC AGT GTG TGG ACC AAC ACC TGC TGC AGC CAC CCT CTA CAT GGG CAG ACC CCA 
Pro Ser Val Trp Thr Asn Thr Cys Cys Ser His Pro Leu His Gly Gin Thr Pro 

108 

333 342 351 360 369 378 

GAT GAG GTG GAC CAA CTA AGC CAG GTG GCC GAC GGC ACA GTA OCT GGC GCA AAG 
Asp Glu Val Asp Gin Leu Ser Gin Val Ala Asp Gly Thr Val Pro GXy Ala Lys 

126 

387 396 405 414 423 432 

GCT GCT GCC ATC CGC AAG TTG GAG CAC GAG CTG GGG ATA CCA GCG CAC CAG CTG 
Ala Ala Ala He Arg Lys Leu Glu His Glu Leu Gly He Pro Ala His Gin Leu 

144 

441 450 459 468 477 486 

CCG GCC AGC GCG TTT CGC TTC CTC ACG CGT TTG CAC TAC TGC GCC GCG GAC GTG 
Pro Ala Ser Ala Phe Arg Phe Leu Thr Arg Leu His Tyr Cys Ala Ala Asp Val 

162 

495 504 513 522 531 540 

CAG CCG GCT GCG ACA CAA TCA GCA CTC TGG GGC GAG CAC GAA ATG GAC TAC ATC 
Gin Pro Ala Ala Thr Gin Ser Ala Leu Trp Gly Glu His Glu Met Asp Tyr He 

160 

549 558 567 576 585 594 

TTA TTC ATC CGG GCC AAC GTC ACC CTT GCG CCC AAC CCT GAC GAG GTG GAC GAA 
Leu Phe He Arg Ala Asn Val Thr Leu Ala Pro Asn Pro Asp Glu Val Asp Glu 

198 
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603 612 621 630 639 648 

STC AGG TAC GTG ACG CAG GAG GAG CTG CGG CAG ATG ATG CAG CCG GAC AAT GGG 
Val Arg Tyr Val Thx Gin Glu Glu l»eu Arg Gin Met Met Gin Pro Asp Aan Gly 

216 

657 666 675 684 693 702 

TTG CAA TGG TOG CCG TGG TTT CGC ATC ATC GCC GOG CGC TTC CTT GAG CGC TGG 
I^eu Gin Trp Ser Pro Trp Pte Arg lie lie Ala Ala Arg Phe Zieu Glu Arg Trp 

234 

711 720 729 738 747 756 

TGG GCT GAC CTA GAC GCG GCC CTG AAC ACT GAC AAA CAC GAG GAT TGG GGA ACG 
Trp Ala Asp Leu Asp Ala Ala Leu Aan Thr Aap Lya His Glu Asp Trp Gly Thr 

252 

765 774 780 

GTG CAT CAC ATC AAC GAA GCG TGA 
val Hi3 His lie Aan Glu Alai*** 

25 9f 

D 
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E 

L 9 18 27 36 45 54 

ACT GCC GAC AAC AAT ACT ATG COC CAT GCT GCA GTA TCT AGT TAC GCC AAA 
Mot Tlir Ala Asp Aan Asn Ser Met Pro Hia Gly Ala Val Ser Ser Tyr Ala hya 

18 

63 72 81 90 99 108 

TTA GTG CAA AAC CAA ACA CCT GAA GAC ATT TTG GAA GAG TTT CCT GAA ATT ATT 
Leu Val Gin Aaa Gin Thr Pro Glu Asp lie I-eu Glu Glu Phe Pro Glu He He 

36 

117 126 135 144 153 162 

CCA TTA CAA CAA AGA CCT AAT ACC CGA TCT AGT GAG ACG TCA AAT GAC GAA AGC 
Pro Leu Gin Gin Arg Pro Aan Thr Arg Ser Ser Glu Thr Ser Aan Aap Glu Ser 

54 

171 180 189 198 207 216 

GGA GAA ACA TCT TTT TCT GCT CAT GAT GAG GAG CAA ATT AAG TTA ATG AAT GAA 
Gly Glu Thr Cya Phe Ser Gly Hi3 Asp Glu Glu Gin lie Lys Leu Met Asn Glu 

72 

225 234 243 252 261 270 

AAT TCT ATT GTT TTG GAT TGG GAC GAT AAT GCT ATT GCT GCC GCT ACC AAG AAA 
Asn Cy3 iXe Val Leu Asp Trp Asp Asp Asn Ala He Gly Ala Gly Thr Lys Lys 

90 

279 288 297 306 315 324 

GTT TCT CAT TTA ATG GAA AAT ATT GAA AAG GCT TTA CTA CAT CCT GCA TTC TCC 
Val Cys His Leu Met Glu Asn He Glu Lys Gly Leu Leu His Arg Ala Phe Ser 

108 

333 342 351 360 369 378 

GTC TTT ATT TTC AAT GAA CAA GCT GAA TTA CTT TTA CAA CAA AGA GCC ACT GAA 
Val Phe He Phe Asn Glu Gin Gly Glu Leu Leu Leu Gin Gin Arg Ala Thr Glu 

126 

387 396 405 414 423 432 

AAA ATA ACT TTC CCT GAT CTT TGG ACT AAC ACA TGC TGC TCT CAT CCA CTA TCT 
Lys He Thr Phe Pro Asp Leu Trp Thr Asn Thr Cys Cys Ser Ris Pro Leu Cys 

144 

441 450 459 468 477 486 

ATT GAT GAC GAA TTA GCT TTG AAG GCT AAG CTA GAC GAT AAG ATT AAG GGC GCT 
He Asp Asp Glu Leu Gly Leu Lys Gly Lys Leu Asp Asp Lys He Lys Gly Ala 

162 

495 504 513 522 531 540 

ATT ACT GCG GCG GTG AGA AAA CTA GAT CAT GAA TTA GCT ATT CCA GAA GAT GAA 
He Thr Ala Ala Val Arg Lys Leu Asp His Glu Leu Gly He Pro Glu Asp Glu 

180 
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549 558 5«7 576 585 594 

ACT AA6 ACA AGG GGT AAG TTT CAC TTT TTA AAC AGA ATC CAT TAC ATG GCA CCA 
Thr Lys TKr Arg Gly Lys Phe Hia Phe I.eu Aan Arg He Kia Tyr Mat Ala Pro 

198 

€03 €12 €21 €30 €39 €48 

AGC AAT GAA CCA TGG GGT GAA CAT GAA ATT GAT TAC ATC CPA TTT TAT AAG ATC 
Ser Aan Glu Pro Trp Gly Glu His Glu He Aap Tyr He Leu Phe Tyr Lya He 

21€ 

€57 €€€ €75 €84 €93 702 

AAC GCT AAA GAA AAC TTG ACT GTC AAC CCA AAC GTC AAT GAA GTT AGA GAC TTC 
Aan Ala Lya Glu Aan Leu Thr Val Aan Pro Aan Val Aan Glu Val Arg Aap Phe 

234 

711 720 729 738 747 75€ 

AAA TGG GTT TCA CCA AAT GAT TTG AAA ACT ATG TTT GCT GAC CCA AGT TAC AAG 
Lya Trp Val Ser Pro Aan Aap Leu Lya Thr Met Phe Ala Aap Pro Ser Tyr Lya 

252 

7€S 774 783 792 801 810 

TTT ACG CCT TGG TTT AAG ATT ATT TGC GAG AAT TAC TTA TTC AAC TGG TGG GAG 
Phe Thr Pro Trp Phe Lya He He Cya Glu Aan Tyr Leu Phe Aan Trp Trp Glu 

270 

819 828 837 846 855 884 

CAA TTA GAT GAC CTT TCT GAA GTG GAA AAT GAC AGG CAA ATT CAT AGA ATG CTA 
Gin Leu Aap Aap Leu Ser Glu Val Glu . Aan Aap Arg Gin He Hia Arg Met Leu 

288i 

867 I 
TAA F 
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